I. Introduction
In recent years, the radiological sciences have exerted an ever-increasing influence on the lives of the American people. In the field of medicine, more than half of the population is subjected each year to radiological study, either through the use of x rays or the administration of radioactive materials during the diagnosis and treatment of their disease. In industry and many other walks of life, radiological methods which protect the people from undue exposure to ionizing radiation have made possible the realization of many of the great benefits of the atomic age.
In the future, the radiological sciences are likely to play an even greater role in society. Markedly expanded medical services, intimately involving radiological methods, are being made available to the public. And, further advances in atomic energy will require the careful evaluation and application of protective measures if these advances are to yield their maximum usefulness.
In view of these circumstances, the National Advisory Committee on Radiation believes it timely that a review of the responsibilities of the Public Health Service in the radiological sciences be undertaken. This is particularly so in view of the recent emergence of a number of problems which if allowed to continue may seriously hamper such programs as Medicare and the nation's efforts to combat cancer, heart disease and stroke. Furthermore, additional problems are making more difficult the translation of the advances of atomic research into needed benefits for the public. In this Report, the Committee has made an effort to identify these problems and to propose a series of recommendations which may be helpful to the Surgeon General in bringing about their early resolution.
II. The Development of the Radiological
Sciences-
A Short Historical Review
To place the discussions of this Report in perspective, the following history of the growth and development of the radiological sciences has been prepared. Although brief, it provides background information which may assist the reader in gaining a better understanding of the complex interrelationships prevailing in the nation's use and control of ionizing radiation.
The radiological sciences had their origin in November, 1895, when Wilhelm Conrad Riintgen, professor of physics at the University of Wiirzburg, Germany, discovered "a new kind of rays" which he subsequently called "x-rays".
There are few scientific discoveries in the history of mankind that have generated scientific and public reaction so immediate and so great. The possibility of using x-rays in medical and surgical diagnosis was recognized at once. Within the first year after the announcement of the discovery almost one thousand scientific papers and many textbooks on x rays were published. In February of 1896 the Journal of the American Medical Association expressed the cautious opinion that x-rays might be useful in the treatment of disease.
From the early applications of x-rays in medical diagnosis, the branch of the radiological sciences now kncswn as diagnostic roentgenolog~ developed. Simultaneously, the use of xrays in the treatment of disease gave birth to the clinical specialty of radiatio,n therapy.
Medicine was, of course, not the only scientific discipline to benefit from Riintgen's discovery. The natural sciences also profited at once. One of the most important consequences was the discovery of radioactivity by Becquerel in 1896, soon to be followed by the discovery of radium by Marie and Pierre Curie in 1898.
The discoveries of RGntgen, Becquerel and productive cells produce changes or mutations the Curies were the forerunners of seven in succeeding generations of the irradiated decades of brilliant scientific achievement. In species. the phenomenon of nuclear fission, a process in in systematic orbits about it. Although modified which each uranium atom broke into two apconsiderably in later years, this model was of proximately equal parts. The process was acgreat value in guiding research in the physical companied by the liberation of neutrons and the sciences at the time.
release of substantial amounts of energy. In 1919, Rutherford found that the nuclei of Hence, work was begun to devise an experiment nitrogen atoms under certain experimental in which uranium could be made to undergo conditions of bombardment yielded positively fission in a self-maintaining, controlled reaccharged particles which he named protons. He tion. In December, 1942, this culminated in the also observed that in this process the nitrogen development of the first successful uranium atoms were transformed into oxygen. This was pile or reactor at the University of Chicago. the first experiment in which one element was
The work at Chicago raised the curtain on the artificially transformed into another. In the atomic age. The reactor made possible the pronext year, Rutherford proposed that atomic duction of large amounts of radioactive matenuclei also include a fundamental particle aprials which soon found widespread use in proximately the size of the proton but bearing research and development in industry, agriculno electrical charge. This particle he named the ture and medicine. It ushered in the era of neutron. Twelve years later, Chadwick dispower from nuclear sources. And it made poscover~l the existence of this particle and in sible the production of atomic weapons of un-1934, Fermi, while bombarding uranium and precedented magnitude. other atoms with neutrons, observed many phenomena of artificial transmutation and
After the end of World War II, it was conradioactivity. fidently predicted that the enormous advances
Simultaneously with the work in the physical which had taken place in the natural sciences sciences, a number of investigators began to since Riintgen's discovery would bring untold study the biological effects of x rays and of the benefits to all mankind. Spectacular developradiations emitted from radium. Quite acciments in the diagnosis and treatment of disease dentally in the early part of this century it were anticipated. The provision of unlimited was discovered that some physicians who used amounts of cheap electric power for every x rays in the diagnosis of their patients denation in the world seemed possible. And the veloped inflammatory changes of the skin of application of the nuclear sciences to a vast their hands, changes which not infrequently array of industrial and agricultural processes became cancerous. These effects were traced to appeared likely to open up a great new period the practice of these physicians of placing their of technological development and economic hands under their fluoroscopes each day while progress.
they tested the operational characteristics of For some time, these promises were untheir equipment.
realized ; progress was disappointing.
How-
The damage done to the hands of the pioneer ever, if an error was made in assessing the radiologists was due to relative!y large doses of impact of the atomic age on society, it was an x rays. Late in the 1920's Jluller discovered error of timing rather than of substance. Rethat relatively small doses of radiation to recently, progress has been accelerating. Nuclear medicine has reached a stage of development where the number of patients examined by this method is doubling every three to five years. In industry and agriculture, the applications of radioactive materials are expanding rapidly. Xnd nuclear power reactors are being planned ;lt a rate such that one may expect a substantial fraction of the electric power generated in the United States will come from these installations within the next few decades. There can now be no question that atomic development will exert a substantial and continuing influence on society in the years to come.
The Developing
Role of the Public Health Service in the Uses and Control of Ionizing Radiation (n) The Scope of the Radiological Sciences
The sum of systematized knowledge pertaining to the application and control of ionizing radiation is the province of the radiological sciences. From a health standpoint, the radiological sciences of greatest interest are those concerned with the uses and control of ionizing radiation in medicine, dentistry and their related disciplines and those pertaining to the control of such radiation in industry, agriculture and the environment. In this report, the radiological sciences, for purposes of discussion, have been divided into the following categories :
I. CLINICAL SCIENCES 1. Diagnostic Roentgenology : the use of xrays in the diagnosis (recognition and evaluation) of disease.
2. Radiation Therapy: the use of ionizing racliation, including that produced by x-ray machines, particle accelerators and radioactive materials, in the treatment of disease.
3. Nuclear Medicine: the use of radioactive materials in the diagnosis of disease.
By custom, diagnostic. roentgenology, radiation therapy and nuclear medicine are often collectively referred to as radiology.
II. COMMUNITY HEALTH SCIENCES (PUBLIC
HEALTH DISCIPLINES) 1. Radiological Health: the prevention of undue exposure of the population from ionizing radiation and the use of such radiation in the Preservation and betterment of public health.
2. Health Physics: the use of physical methods in the protection of man and his environment from unwarranted radiation exposure.
III. LABORATORY SCIENCES 1. Radiobiology: the study of the biological effects of ionizing radiation and the use of such radiation in the investigation of fundamental biological phenomena.
Radiochemistry:
the branch of chemistry dealing with radionuclides and their properties, with the use of radionuclides in the study of chemical problems, and with the behavior of minute quantities of radioactive materials detected by means of their radioactivity.
Important to medicine are:
( i) clinical applications : the development and production of radionuclide-labelled compounds for pharmaceutical and biochemical use; and (ii) analytical applications: the assay by chemical processes of the radioactive constituents of compounds and contaminants.
3. Radiological Engineering: the design, development and utilization of radiological instruments, materials and apparatus.
4. Radiological Physics : the study of physical problems related to the applications of ionizing radiation in clinical medicine.
(.!I) The Ben,efits and Risks of Ionizing Radiation With the increasing complexity of modern living, the medical, social and economic needs of the individual and of his family have become closely related. Hence, when health planning is undertaken, consideration must be given to the results of such planning on the social and economic development of the nation. This is especially true in the radiological sciences. The applications of radiation hold great and substantial benefits to mankind. However, the attendant human exposure which may accompany many of these uses poses a number of health risks. It is therefcre clear that health planning in the radiological sciences requires the most careful balancing of benefit against risk if medical, social and economic progress is to take place. Failure to make such plans may lead to economic stagnation in the atomic sciences if health regulations are too restrictive or too serious dangers to the public health if these regulations are inadequate.
As new developments in the atomic sciences have unfolded, and as the uses of ionizing radiation have become more extensive, the Public Health Service has found it necessary to undertake an increasing number of activities in the radiological sciences. These efforts may be conveniently divided into two interdependent parts :
1. Activities concerned with the control of the incidental radiation exposure received by the population from radioactive contamination of the environment and from occupationally related sources ; and 2. Activities concerned with the intentional application of ionizing radiation in the prevention, diagnosis, treatment and after-care of diseases, injuries and congenital defects.
The responsibilities of the Public Health Service in the field of radiation control were broadly outlined in a report to the Surgeon General by this Committe in 1959(l). In this report the Committee urged the Service to assume a major role both in the formulation of national policy and the initiation of comprehensive programs in the control of ionizing radiation in the United States. It proposed that the Service take steps leading to its active participation in (1) the formulation of radiation standards ; (2) the training of radiological health specialists ; and (3) the development of regulatory programs for the protection of the public from all sources of ionizing radiation. There was particular concern for the prevention of undue exposure from radioactive contamination of the environment, from radiation sources used by the health professions and from industrial and other sources contributing to occupational exposure.
In accordance with this report, the Service has established a series of nationwide surveillance networks to monitor environmental contamination. It has supported university programs to train radiological health specialists. It has also undertaken a broad range of activities designed to reduce unnecessary exposure from medical and dental sources of radiation. In the field of occupational exposure, efforts so far have been relatively limited and much more remains to be done. The FRC has been ably assisted in its work by the National Academy of Sciences to which it turns for guidance in matters pertaining to the biological effects of ionizing radiation. It has also had enormous help from the National Council on Radiation Protection and Measurements. This organization, composed of leading scientists, has for over three decades taken the initiative in setting detailed technical standards designed to protect the individual and the population as a whole from ionizing radiation.
The FRC, with the NAS and NCRP, provides broad supervision of radiation standards in the United States. In general, the FRC has not assumed responsibility for the development of operational standards pertaining to specific radiation problems. The formulation and promulgation of such standards have been left to those federal, state and local agencies which by law are responsible for the registration and licensing of radiation sources. For example, the Atomic Energy Commission has established a system of technical and professional criteria governing the use of reactor-produced radionuclides. Also, an increasing number of states, mainly through their departments of health, have established technical standards for all sources of ionizing radiation. It is noteworthy that although these standards are being formulated in many places, they are remarkably uniform throughout the country because of the guidance'provided by the FRC and NCRP.
Although the development of radiation standards in the United States is progressing satisfactorily, this Committee observes a number of gaps which require careful attention in the years immediately ahead. One of these is the absence of standards relating to the qualifications of technical and professional personnel using radiation sources other than those regulated by the Atomic Energy Commission; that is, medical x-ray machines and sources containing radioactive materials that are not reactor by-products. This Committee believes that such standards must be established to assure the public that those who use ionizing radiation are well trained and qualified. It further believes that the Public Health Service, as the principal government agency responsible for the health of the nation, should take the initiative in the formulation of these standards and should seek the coooperation of the health professions in this undertaking.
Another gap is the absence of design standards for radiation sources containing radium and a number of other radionuclides not now regulated by the AEC. Since these sources are frequently the cause of hospital and environmental contamination, the Public Health Service should take early steps to formulate and promulgate appropriate standards for these sources. In assuming this responsibility, the Service should take full advantage of the experience of the AEC, gained in developing similar standards for the sources under its jurisdiction.
A third gap concerns radiation standards for x-ray equipment used in medicine and dentistry. Although basic standards in this field have already been formulated by the NCRP, there is need for a series of standards which may be used as a basis for the premarketing clearance of x-ray equipment. If such standards can be developed in association with a program of premarketing clearance, efforts to reduce unnecessary radiation exposure in the health professions will be materially facilitated. The Public Health Service, in developing its role in the radiological sciences, has encouraged state and local health departments to assume major responsibility for the control of ionizing radiation. This is consistent with traditional patterns in public health. Except under special circumstances, the Service has for many years operated within a policy which restricts its own activities in the control of health hazards to those requiring a national effort ; e.g., to the development of health standards and to certain laboratory and technical operations which are best performed at the federal level. Regulatory activities, including the licensing of hazardous agents, the inspection of facilities involving health risks and the application of countermeasures to correct health problems, have generally been left to state and local health authorities to administer. The policy is based on the belief that such authorities are usually most familiar with the resources that can be brought to bear on health problems as they arise.
In recent years, the Public Health Service has given moderate amounts of financial SUPport to many state and local health departments for the development of their radiation control programs. Concurrently, many states have adopted laws which give their health departments authority to undertake major responsibility for the control of ionizing radiation. Moreover, recent changes in the Atomic Energy Act(z) have permitted the AEC to begin transferring much of its responsibility for the control of by-product materials to the states.
The assumption of regulatory authority over radiation sources by the states has not been without its problems. Some states after providing their health departments with authority in the field of radiation control have been unable or unwilling to give the funds needed by these departments to perform effectively. Although some states have provided well, adequate resources have not been generally made available to maintain registration and licensing records and to carry out regular systematic inspections. As the use of ionizing radiation in medicine, industry and other walks of life grows, these inadequacies are becoming increasingly serious. Hence, the Public Health Service must remain alert to the dangers inherent in this situation and take appropriate steps to fill the gaps in the nation's program of radiation control whenever necessary. In 1962, this Committee identified a number of public health problems concerned with radioactive contamination of the environment(3). It reaffirmed that the Service has major responsibility to maintain appropriate surveillance networks to provide continuing information on levels of environmental contamination affecting the public. It also emphasized the need for the Service to undertake broad research programs to develop countermeasures for the control of environmental contamination. Substantial progress has been made in both of these areas. Although the nuclear weapons test ban appeared to reduce the need for environmental surveillance for a time, current world conditions make a continuing effort in this field essential. Furthermore, as major nuclear facilities for industrial and other peaceful uses become more widespread, the Service's surveillance capability will have increasing value.
In connection with the development of major nuclear facilities in the United States, the Committee notes a continuing problem which might well be alleviated by appropriate action on the part of the Public Health Service. As state and local health departments have assumed an increasing role in the control of ionizing radiation, the Atomic Energy Commission has quite properly retained responsibility for the licensing of major nuclear facilities. Such facilities involve potentials for contamination which are interstate in extent and hence require a central regulatory authority.
Notwithstanding the basic wisdom of this policy, this Committee observes a continuing apprehension on the part of the public when new nuclear facilities are contemplated. It believes that this is unfortunate for it not only postpones the day when the public is able to share in the many benefits provided by the nuclear sciences but it also engenders fears which are costly in terms of public health. To help solve this problem, competent health authorities should play a more prominent role in the consideration of public health factors affecting the construction and operation of major nuclear facilities. Not only is the advice of such authorities essential from the standpoint of the health risks of people working and residing in the vicinity of the facility, it is important that authorities having no official responsibility for the promotion of a nuclear facility play a substantial part in the judgments that must be made when the facility is proposed.
This problem is likely to become increasingly serious in the years ahead. At present, only a small fraction of the nation's electrical power is produced by nuclear facilities. However, in the next few decades, demands for electrical power from nuclear sources are likely to increase as the relative amounts of fossil fuels decrease. It therefore appears imperative that public health authorities henceforth play an important role in matters pertaining to the construction and operation of major nuclear facilities. The health risks involved in any proposed major nuclear facility require. the independent appraisal by official health agencies.
I - In foregoing discussions, attention has been directed to certain gaps in programs to protect the public against undue radiation exposure. A number of problems have been identified and solutions for them proposed. These problems have not been discussed in depth because the Committee wishes to direct its major attention in this Report to a series of problems concerned with the uses of ionizing radiation in the health professions. These problems relate to weaknesses in the teaching of the clinical application of ionizing radiation, including radiation protection, which have resulted from manpower shortages.
It is appropriate that these matters receive intensive review at this time. New health programs (Titles 18 and 19@) and the program for cancer, heart disease and stroke) proposed by the President and approved by Congress are likely to place increasing strain on the radiological manpower and teaching resources of this nation in the years ahead. Concern for these problems has recently been voiced in a report by the Committee on Appropriations of the United States Senate under the chairmanshin of Senator Pastore(5). Although the radiological sciences had their origin only a little over a half century ago, their importance to medicine and dentistry has grown with unusual rapidity. A recent study by the Public Health Service@) has shown that in 1960-61 over 89 million medical and 48 million dental x-ray examinations were carried out annually in the United States. This represents on average the performance of one medical examination for every two individuals in the population each year and one dental examination for every four. Such a demand for clinical service clearly indicates that the radiological sciences in the short space of seventy years have become one of the major disciplines of American medicine, exerting a substantial and continuing influence on the care of every man, woman and child.
The spectacular growth of the radiological sciences in the health professions has not been without its problems. Indeed, such growth is responsible for the recent development of a serious shortage of professional and technical personnel which threatens the quality of medical care as well as the success of many of the government's health programs. These shortages are particularly evident in academic departments of radiology where they have restricted efforts to provide adequate instruction of medical and post doctoral students in the clinical applications of ionizing radiation including radiation protection. The magnitude of this problem may perhaps be best illustrated by a comparison of growth patterns in demand for radiological service which have developed in recent years with corresponding growth patterns in radiological manpower.
(a) Growth in clinical demand for radiological service
In the diagnostic roentgenology, the discipline concerned with the use of x-rays in the diagnosis of disease, the demand for clinical service is reflected in part by the annual consumption of medica x-ray film. This is because such film plays a basic role in the performance of almost every x-ray examination. Annual consumption data for medical x-ray film in the United States from 1947 to 1963 are shown in figure 1. During this time, film consumption increased at an average annual compounded rate of almost 5.4 percent.
While these are impressive data, denoting a doubling of consumption every thirteen years, they do not indicate the total growth that has taken place in the demand for diagnostic x-ray service. Since World War II, advances in medical research have caused the emergence of important new roentgenological methods which have added clinical demands largely unreflected by film consumption data. These methods are the outgrowth of two technological innovations occurring in the early 1950's ; the first was the development of instrumentation by which fluoroscopic images can be amplified in brightness many thousands of times. Prior to this, physicians working in the field of diagnostic roentgenology were restricted in their use of x-rays to relatively simple examinations. More complicated procedures requiring prolonged fluoroscopy and the recording of radiological data on motion picture film were quite impracticable because excessive amounts of radiation were needed with techniques then available. The development of fluoroscopic amplification changed all this and and a new era of diagnostic roentgenology began. The second technological innovation was the development of the rapid filmchanger, a device with which large numbers of radiographic exposures can be made in quick succession to provide a detailed record of rapidly occurring events.
Together, the fluoroscopic amplifier and the rapid film-changer have made possible the development of an increasing number of complex radiological procedures of fundamental importance in the diagnosis of many diseases. Some of the more noteworthy of these include angiocardiography, a procedure which permits the physician to study in detail the structure and physiology of the heart and its great vessels; cerebral arteriography, a method devised for the intensive investigation of the circulation of the central nervous system; and cinefluorography, a procedure using x-ray motion pieture techniques to evaluate abnormal anatomical and physiological states in a broad range of body systems. This index has been calculated from data on the gross square footage of x-ray film produced annually in the United States, less film diverted for industrial and dental uses and adjusted for film exported and imported. One of the most important characteristics of these new methods is that they need much more time and effort for their performance than do older, more conventional techniques. Indeed, they have a great deal in common with major surgical procedures, requiring for each examination considerable numbers of highly trained professional and technical personnel and large outlays of special roentgenological and physiological equipment. In most instances, only two or three of these special examinations may be completed in one day by one team of workers.
The benefits of these new methods are substantial, particularly to those patients with cardiovascular and neurological diseases. However, it must be recognized that they place an unusually heavy burden on radiological manpower.
Data which give a measure of this burden have been unavailable heretofore. Hence, the Committee undertook a study based on the records of a random sample of 17 large, university hospitals *, widely distributed throughout the United States, to obtain this information. Six of the hospitals were in the eastern part of the country, six in the midwest, three on the west coast and two in the south. In this group of institutions, over 1.31 million diagnostic xray examinations, including 37.2 thousand special roentgenological procedures, were performed by an aggregate professional staff of 177 radiologists during the year 1964. The equivalent of 44 radiologists was needed for the special examinations. Although the institutions included in this study are not entirely representative of all hospitals in the United States, they are perhaps sufficiently so that the following conclusions may be drawn: 1. The number of special examinations currently performed is relatively small, amounting to less than 3% of all examinations undertaken, and has little influence on film consumption statistics. 2. These examinations, on the other hand, are suf- ficiently complicated and time-consuming that their performance absorbs about 25% of the professional manpower in diagnostic roentgenology. This suggests that film consumption at most reflects only three-quarters of the total demand for diagnostic x-ray service. Furthermore, because the growth in special examinations has taken place largely in the past fifteen years, it suggests that the demand for roentgenological services currently is growing at a rate at least one-third greater than the 5.4% annual rate indicated by film statistics alone; that is, total demand is increasing at a rate in excess of 7.2%.
In radiation therum, clinical demand is related to the frequency of occurrence of cancer because this method of treatment has been reserved more and more for patients with malignant neoplasms. For several decades, the number of persons having cancer has increased as the population has become larger and as more individuals have lived to %advanced age when cancer is more common. Recently, cancer deaths have been rising at an annual rate of about 270, as shown in figure 2tT) , where data on the number of deaths per year from cancer of all sites in ten states and the District of Columbia are given for the period from 1936 to 1960. It seems likely that the increase in clinical demand for radiation therapy has at least equaled this rise.
In nucleur medicine, the branch of the radiological sciences which pertains to the application of radioactive materials to the diagnosis of disease and to the study of physiological processes in man, the demand for clinical service is difficult to evaluate. Such demand is not reliably reflected by amounts of radioactive materials produced for medical use because diagnostic applications of nuclear medicine, requiring relatively small individual quantities of these materials, are growing at a much faster rate than therapeutic procedures, for which large quantities are needed@). The number of persons licensed to use radioactive materials for medical purposes also is not a reliable index of the demand for clinical service because the number of examinations performed each year is increasing much more rapidly than the number of licensees. In the 17-hospital study car- ried out by this Committee, data were collected which indicate that demand for clinical service has risen in the brief span of a few years to a level requiring more than one-tenth of the professional manpower devoted to clinical radiology (see table I ). From a perusal of hospital records in a few institutions where patient statistics in nuclear medicine have. been maintained for an adequate period of time, it is estimated that this discipline's clinical demand currently is growing at a rate of at least 15% per year. Nuclear Medicine -------______ 26 11.6
TOTAL -------__-----________ 216 100
(b) Growth in physician manpower in the radiological sciences
The growth in professional manpower available in the clinical divisions of the radiological sciences is illustrated graphically in figure 3. These data, from statistics collected by the American Medical Association@), give the number of radiologists in practice in the United States for the period of 1949 to 1964. It will be observed that the number of these specialists grew from about 2,900 at the beginning of the period to more than 6,900 at the end, a compounded annual growth rate of 5.9%. At first glance, this growth seems remarkably good, substantially exceeding that of physicians in general. However, it falls considerably short of the growth needed to meet demands for clinical service as the following makes clear.
Previous discussion has shown that the demand for diagnostic x-ray service for the last 15 years has grown at an annual compounded rate of 7.2% or more. In radiation therapy the l Thin mwth rate was calculated from the formula. G = PdDd + gtDt + BnDn where gd, gr and gn are the annual growth rates in demand for clinical service in diagnostic roentgenology. radiation therapy and nuclear medicine respectively and pd, pt and pn are the PereentaSes of the total professional manpower presently engaged in the clinical radiological sciences which apply to the respective three divisions. In thi8 calculation. data for pd. pt and p,, were taken from table I.
increase has been at least 2% per year and in nuclear medicine, 16% per year. Taken together, after suitable weighting for the relative manpower requirements of each of the three clinical divisions of the radiological sciences, these data indicate a composite compounded annual growth rate of 7.1%.*
The foregoing data clearly indicate that in the years following World War II, growth in the clinical demand for radiological service has substantially exceeded the growth of physician manpower to meet this demand. An increasing manpower deficit of this sort must always be cause for concern. However, it is particularly disturbing in this instance because, for many years preceding the war, the training of medical specialists was sharply restricted due to the depression and thus even the number available at war's end was inadequate. There can be little doubt then that there has developed in the radiological sciences a shortage of physician manpower of serious ,proportions.
This situation has been further aggravated by a recent change in attitude adopted by the medical profession toward the use of radiological methods in the practice of medicine. In the past, many physicians have employed xray machines in diagnosis and treatment even though their training in the use of these devices has often been limited. However, in the late 1950's, the profession became increasingly aware of the dangers of a physician's using ionizing radiation without his having had special training. The American Academy of Pediatricso"), for example, advised all pediatricians to discontinue fluoroscopy of their patients whenever possible and to have their diagnostic x-ray studies performed by radiography, where the radiation exposure is generally less. Because of this and similar recommendations from other groups, a substantial number of physicians not trained in the radiological sciences, but who have previously employed radiological methods in their practices, are discontinuing their use.
There can be little question that this action is desirable. However, its effects are to impose additional burdens on radiologists and to aggravate the shortage of trained manpower beyond that indicated by the foregoing discussion. It is difficult to estimate precisely the magnitude of the physician shortage currently prevailing in the radiological sciences. However, the combined effect of all of the factors which have contributed to this shortage must be substantial. Certainly, the deficit in manpower requirements amounts to many thousands of physicians. Indeed, it appears that the number of radiologists needed in the United States is almost twice as great as the number actually available.
(c) Fwture needs in physician manpower in the radiological sciences
In a field where the growth has been so inexorable as in the radiological sciences, manpower shortages are likely to become worse with the passage of time. It is therefore important in health planning to examine future needs as well as to evaluate current problems. It is reasonable to assume that the growth patterns prevailing in the demand for radiological service over the past fifteen years will continue in the years ahead. Advances continue at a rapid pace in medical research. Large new programs of health care are in the process of development, and the public is demonstrating an increasing insistence on comprehensive medical care of high quality.
If present growth rates in clinical demand continue, the need for physician manpower in the radiological sciences seems likely to rise to a level of three or more times current supply by 1975, i.e., to a level of from 20,000 to 25,000 radiologists in ten years. Such a need presents a disturbing picture to those responsible for the nation's health. It is clear that major attention must be given to the problems of radiological manpower as quickly as possible.
The correction of manpower shortages depends in part upon the availability of potential resources. These resources include training facilities, the supply of instructional personnel and supporting funds. Data on training positions in the clinical radiological sciences in the United States are shown in figure 4(") . These depict the total number of hospital residency positions, both available and filled, for training radiologists from 1954 to 1963. It will be observed that the number of positions rose only slightly during this period from about 1,650 in the beginning to just over 1,950 at the end. Also, 24% of the positions remained unfilled on the average during this interval. In recent years, about 1,500 positions have been filled, including those occupied by foreign trainees. Because the length of residency training in radiology is normally three years, the number of individuals completing their training each year is currently about 500. Death and retirement reduce this number to a net increase in radiological manpower of about 300 per year.
If the present shortage of professional manpower in the radiological sciences is to be alleviated, almost 1,500 physicians must enter radiological training each year over the next decade ; that is, the current number who begin training must be increased threefold. Also, the number of training positions must be more than doubled to a level in excess of 4,500.
It will be apparent to even the most optimistic that these goals are not likely to be attained. They require that over 20% of the medical students graduating each year enter radiological training. If this were to happen, it would almost certainly create serious dislocations in other branches of medicine. Therefore, to meet the increasing demands for radiological service, the nation must settle for more modest increases in the number of trainees and seek ways in which the available manpower in radiology may be used more effectively. Every modern educational, administrative and technological means must be investigated to improve the efficiency with which radiological service is provided. Funds to support this type of radiological research must be given high priority. Even partial correction of physician manpower shortages in the radiological sciences will be difficult. A full understanding of the causes of these shortages is necessary if successful methods to meet the problem are to be devised.
One of the principal causes of difficulty, the unusual increase in demand for radiological services during the past several decades, has i4 been discussed. Another problem is the general shortage of physician manpower, which has affected all health professions in recent years. The number of graduates of medical schooIs in the United States has increased very slowly during the postwar period, from about 6,000 per year immediately following World War II to just over 7,300 in 1964(12j. This is barely equal to the growth rate of the nation's population during the same period and, in recent years, has been less (see figure 5) . Such a rate is clearly insufficient to meet the increasing demands for medical service created by advances in medical research and by the expansion of services to lower income groups through various forms of insurance. To obtain more radiological trainees, therefore, it will be necessary, among other things, to take steps which will assure the graduation of more physicians each year from this country's medical schools.
Although general manpower shortages in medicine are aggravating the personnel problems of the radiological sciences, they by no means constitute the only or principal cause of difficulty, The percentage of unfilled residency training positions in radiology is among the highest of the major clinical specialties("). Of perhaps greater significance, the 17-hospital study undertaken by this Committee found that, of those who enter the clinical radiological sciences, only one quarter decide to do so when they are in medical school; of the remainder, half make their decision during internship and half after they have entered residency in some other medical specialty, private practice, or the military services (see table II ). This is in sharp contrast to the experience of those entering such specialties as medicine, surgery and pediatrics, where prevailing practices of selection make it almost imperative for a prospective trainee to make his decision before graduation from medical school. The disproportionately large number of unfilled residency training positions in radiology and the large number of trainees who decide to enter the specialty rather late in their careers, frequently as a second choice, indicate clearly that there are deepseated troubles within the clinical branches of the radiological sciences themselves. These troubles are not difficult to find. One has only to examine the departments of radiology of American medical schools to discover that few are likely to attract many students to careers in the radiological sciences. Faculty time is largely devoted to the provision of radiological service to patients and to associated administrative functions. Little time is set aside for teaching, particularly at the predoctoral level, and much less for research.
Under these circumstances, it is not surprising that the medical student, before graduation, frequently finds little to interest him in radiology. To him, the clinical radiologist is a man whose time is wholly taken with routine clinical service, often given under conditions where doctor-patient relationships are rather distant, and hence, disappointing. Also, in his contact with the radiological faculty, in contrast to his experience in other clinical disciplines, the student sees little evidence of exciting research. Indeed, in many academic departments little or no research of consequence can be found at all. The student is aware of the radiologist's participation in the many conferences and seminars he must attend ; but even here, it seems that the radiologist's role is quite subordinate, even though the information he provides is often decisive. In short, the radiological sciences do not present an inviting picture to most medical students.
The paucity of experimental research in academic departments of radiology may come as a surprise to many because the major advances which have taken place in this field could not have been achieved without substantial amounts of research by someone. An investigation, however, shows that much of this research has been In the great majority of the departments of radiology of American medical schools studied by this Committee, there is neither space nor equipment assigned for clinical investigation. Where research is being done, hospital x-ray facilities are used at odd moments when they are not employed for service functions, a situation which is often detrimental to patient care as well as to research.
The meagerness of the research effort, characteristic of academic departments of radiology in the United States, is well demonstrated by statistics pertaining to funds distributed by the Public Health Service, including the National Institutes of Health, for the training of research personnel.(1:5) During the fiscal year 1964, just under $170 million were allotted to medical schtiols and other research institutions for pre-and postdoctoral training grants and traineeships. Of this, only 1% went to academic departments of radiology. There can be little question that this represents an undesirably low level of support for a discipline which, as will be pointed out later, needs to attract close to one-tenth of the graduates of American medical schools.
The distribution of this support among the three clinical divisions of the radiological sciences is shown in table III. It is noteworthy that the funds made available to diagnostic roentgenology, the largest of the radiological divisions, amounted only to a little more than a half million dollars, or 0.3370 of all PHS training funds. In nuclear medicine, funds for research training are also inadequate, amounting to approximately $200 thousand or a little more than 0.1% of all monies available. Even in radiation therapy, with support approaching $1 million, funds fell short of need.
Data on the distribution of PHS funds for research indicate that the amount of support allotted to academic departments of radiology is also small. This is particuIarly so in diagnostic roentgenology and nuclear medicine. This is not to say that radiological research is poorly supported by government. As previously indicated, substantial amounts of money have been made available for such research in departments other than radiology. However, funds going to radiology departments are sharply limited.
In discussing the shortcomings of academic radiology, the Committee has emphasized deficiencies in research because of the importance that research has assumed in American medical education during the past decade or two. Coggeshall,oZ) in a recent report to the Association of American Medical Colleges, points out that .medical education has been going through a transition in which the emphasis has been transferred from the accumulation of facts, largely by memory, to a better understanding of the mechanisms involved in the development of normal tissues and their disease states. The research method has played an important role in this. Until now, experience in research in predoctoral years has been regarded as necessary only for those who intended to pursue scientific or academic careers. However, such experience is now considered essential to the education of the general practitioner and specialist as well. Consequently, ample opportunity for student participation in research must be made an integral part of predoctoral medical education. Teaching and research have become complementary components of the educational process. Together with clinical experience, instruction and research comprise the essential ingredients of modern education in the health sciences.
It is therefore clear that academic departments of radioZogzJ cannot perform their educational function unless strong efforts are directed with the best of other medical school disciplines.
In addition to the difficulties just cited, there is yet another problem which has reduced the number of teachers in radiology and hence has made the recruitment of physicians for the radiological sciences more troublesome. This problem comprises a complex series of economic relationships which together form a repeating chain of difficulties, each of which causes or exaggerates the next. The broadening demand for clinical service and the increasing shortage of trained physicians have combined to create economic forces which have placed sharp upward pressure on the professional fees of practicing radiologists.
Because the financial status of the academic radiologist must be tied more or less closely to that of his academic colleagues in other clinical disciplines, a serious economic gap has developed between the incomes of academic and practicing radiologists which is diverting many a prospective academic radiologist to private practice. This problem is not likely to be resolved until manpower shortages are alleviated.
As plans are made to improve the depth and quality of academic radiology, it must be constantly borne in mind that medicine has undergone enormous changes in the United States since the end of World War II. As the diagnosis and treatment of disease have become more complex, trends toward specialization have intensified. The radiological sciences have shared in this specialization. Increasing numbers of radiologists have found it necessary to restrict their work to such fields as cardiology, neurology or pediatrics. The need for further specialization has arisen largely from the development of new and complicated roentgenological procedures which require extended periods of training and a penetrating knowledge of the subject material.
(e) Current trends in academic radiology Although the picture of academic radiology in the United States is distressing, a few medical schools have recently made substantial progress in strengthening their departments of radiology. With the assistance of funds provided by the government and other sources, faculties have been increased and research facilities constructed. Although a great deal still needs to be done, it is clear that with intensive effort, supported with adequate funds, academic standards It has previously been pointed out that many of the radiological advances that have taken place in recent years have been developed by clinical investigators in disciplines outside of radiology. To some, this has seemed unfortunate. However, it has provided a superb opportunity to infuse academic radiology with muchneeded strength. Internists, pediatricians, and others whose research has taken them into radiological territory can do much to revitalize the specialty. To be completely effective, of course, these physicians must be accepted as full members of the radiological faculty. If such physicians are wisely assimilated, they will be of great assistance in transforming academic radiology into an attractive and stimulating discipline, well balanced in teaching, research and clinical service to patients.
The field of radiology in general and academic radiology in particular could also be markedly benefited if increasing numbers of radiologists were to play a larger role in the research, teaching and service functions of other medical disciplines, thus developing a counterpart to the trend just cited. An effective research program in the radiological sciences requires a thorough understanding of the needs of the clinician. Such understanding in many cases can only be attained by day-to-day association with investigators in other clinical disciplines, on the wards and in the experimental laboratories.
In a field such as radiology, whose activities embrace almost every clinical discipline, it perhaps may seem unnece;l.::ary to speak of the need for strong interdiscipliziary ties. However, as academic radiology has found itself more and more restricted to the provision of clinical service to patients, it has become increasingly isolated. In the years ahead, it is incumbent upon every faculty member in the field to break through the barriers of isolation and to strengthen his associations with other clinical disciplines. To do otherwise will lengthen the time before academic radiology assumes its proper role in the health sciences.
(f) Other manpower needs in the radiological sciences Although shortages in physician manpower are of great concern, they are not the only gaps in personnel prevailing in the radiological sciences. Similar gaps exist in: (1) non-physician professional manpower, including radiological engineers, radiochemists, radiological physicists, radiobiologists, and radiological health specialists ; (2) technical personnel, including clinical x-ray and nuclear laboratory technologists ; and (3) other supporting personnel, including nurses and administrative staff.
Radiological
Engineers:
Engineering has played a prominent part in the development of all of the radiological sciences. However, its importance is only now becoming fully recognized. The role of the radiological engineer is twofold: (1) to develop the broad range of radiological instruments, materials and apparatus needed by the health professions and (2) to supervise the technological operations of departments of radiology. The instrumentation needed by the radiological sciences has become so complex that highly skilled engineering talent is necessary not only for its design but also for its application in clinical practice. Hence, there has arisen a need for the radiological engineer to assume a direct clinical role in close association with the radiologist.
Training programs needed for the development of radiological engineers currently do not exist. Hence, such programs should be initiated without delay. They must be highly specialized, providing not only experience in the physical sciences but in several of the biomedical disciplines as well. The trainee must acquire competence in such diverse fields as electronics, optics, information theory, mechanical engineering, computer technology and electricity and magnetism; he must also take substantial amounts of work in such subjects as human anatomy and physiology. This background is essential if he is to design effectively the advanced instrumentation needed by the radiologist or if he is to achieve his greatest usefulness as a technological advisor to the clinical personnel with whom he is associated.
The recent emergence of radiological engineering as an important scientific discipline has created a demand for radiological engineers that is difficult to fill. This manpower gap requires early correction if American medicine is to maintain a leading position in the radiological sciences. Hence, training programs for such engineers should be undertaken promptly.
Radiochemists:
Radiochemistry had its origin in the 1930's. In the biomedical field, it grew out of the need for synthetic processes in which radioactive materials are incorporated into complex organic molecules for use either as radiopharmaceuticals or as components of biochemical systems in fundamental research. In the rapid advances which have taken place in nuclear medicine in recent years, the radiochemist has played an important and perhaps even a dominant role. Indeed, progress in nuclear medicine is highly dependent upon the ability of the radiochemist to provide a continuing series of useful radiopharmaceuticals.
As with the radiological engineer, the training requirements of the radiochemist are stringent. Basic experience must be provided in the disciplines of inorganic, organic and physical chemistry.
Additionally, intensive training must be provided in biochemistry, pharmacology and in the sophisticated techniques of complex organic synthesis.
Because of the rapid growth of nuclear medicine and of the applications of labelled compounds in biological research, radiochemists are in short supply. Hence, in the opinion of those in the field, it is urgent that training programs to develop these specialists be undertaken as soon as possible. The speed with which the products of atomic research can be translated into medical benefits for the public is largely dependent upon the availability of such personnel. The growth of nuclear medicine therefore will be sharply curtailed unless the supply of radiochemists is substantially increased.
Other No~Physicicun Specialists: In radiobiology and radiological physics (including health physics and nuclear engineering), the Atomic Energy Commission recognized several years ago the need for additional personnel in these fields and established a series of training programs to meet this demand. Also, the Division of Radiological Health, Public Health Service, took steps to provide the manpower required to maintain safe operating practices in the radiological sciences when it instituted in 1960 a program of training grants for radiological health specialists. These programs have been increasingly effective in supplying needed scientific personnel. Their success clearly indicates that serious effort should now be made to provide support for the training of all scientists needed in the radiological sciences.
Technical Manpower: In the field of technological manpower, serious difficulties currently prevail in the provision of adequate numbers of clinical x-ray and nuclear laboratory technologists in the United States. Recently, at the President's White House Conference on Health, it was pointed out that members of the paramedical disciplines, including technologists, have been underpaid for many years. Consequently, the field of technology has been relatively unattractive to graduating high school students who are seeking vocational opportunities. This is particularly true in the case of male students, even though many such students have much to offer the radiological sciences because of their inherent aptitudes. Furthermore, the long-term employment stability of such individuals is highly desirable. The foregoing is not to say that the opportunities for female technologists in the radiological sciences are limited. On the contrary, they are unusually bright. However, experientie has shown that the majority of female technologists pursue their careers for only three to four years before leaving it for marriage.
The fields of x-ray and nuclear technology are sufficiently stringent in their training requirements that two years or more of training beyond the high school diploma are necessary for an individual to become a competent technologist. Such an educational background justifies a wage scale which is competitive with other vocations having similar standards. It is to be hoped that, in the years ahead, the lot of the chronically underpaid technologist may be improved. Without this change, it will become increasingly difficult to increase the effectiveness with which radiological services are delivered to the public. The establishment of minimum legal standards of education, training and experience for such technologists appears to be necessary to bring this about.
Because technological manpower is so important to all of the radiological sciences, the Committee believes that the Division of Radiological Health, Public Health Service, should undertake as soon as possible a broad study of the technological manpower requirements of the United States to determine the magnitude of current shortages and to recommend ways and means by which these shortages may be corrected. In making this study, the Service should seek the cooperation of all professional and technological groups having an interest in this subject. Among these may be included the American College of Radiology, the American Society of Radiologic Technologists, the Health Physics Society and the Radiation Research Society.
(g) The correction of manpower shortages in the radiological sciences From the foregoing discussions, it is apparent that the correction of manpower shortages in the clinical divisions of the radiological sciences is clearly linked to the strengthening of academic departments of radiology in American medical schools. Radiological faculties must be strengthened and funds for research facilities must be made available as the development of academic radiology broadens and matures. Funds must also be made available for the training of additional radiologists, medical students, non-physician professional personnel and technologists.
This Committee envisions the need for a broad series of training and research programs in the radiological sciences. These programs are required to upgrade the quality of the radiological services which have become such a critical part of medical and dental care and to improve radiation protection practices in the health professions. In the field of training, these programs may be divided into three principal categories: (1) a series of programs to strengthen radiological instruction of medical students and to increase the number of academic and practicing radiologists ; (2) a series of programs to increase the number of radiological engineers, radiological physicists, radiobiologists, radiochemists and radiological health specialists ; and (3) a series of programs to provide quality training to increasing numbers of technologists (See table IV). As in most clinical disciplines, the types of training programs needed for physicians are dependent upon the academic level for which they are intended.
At the predoctoral level, funds are needed to strengthen the faculties of academic departments of radiology. By this, the radiological background of all physicians can be improved and more students attracted to careers in radiology. Major effort must be made to communicate to the student the exciting professional opportunities available to him in a radiological career.
At the postdoctoral level, two types of programs are required: one to train substantial numbers of men who may be expected to enter the practice of radiology and one to train men who may be expected to follow academic careers.
Practicing Radiologists: In the past, the Public Health Service has provided only limited funds for the training of clinicians. However, a few years ago such support was introduced in the field of psychiatry and mental disease. At the time, this discipline .was suffering many of the problems currently facing the radiological sciences. Physician manpower was grossly inadequate to meet the public's demand for psychiatric service. Psychologists, social workers and many other supporting personnel were in short supply. It was necessary to undertake bold new programs to meet the challenge which these problems presented. After long and careful thought, a residency training program for practitioners in psychiatry was undertaken. Its success is now well known. Not only have increased numbers of physicians been attracted to the specialty but their caliber has improved substantially as well.
The success of this program suggests that it might well be adapted to increase the number of residents entering the field of radiology. Indeed, the Committee believes its initiation to be of the greatest urgency.
In the early phases of the residency training program in psychiatry, funds were distributed mainly to educational institutions to strengthen teaching faculties and to provide such equip-ment, supplies and facilities as were necessary to develop sound training programs. Approximately one-third of the funds were made available for resident stipends. In recent years, lesser amounts have been necessary for institutional purposes and, consequently, resident stipends have been increased in number and amount. Ultimately it is expected that approximately three-quarters of the training funds will be used for this purpose.
A similar history may be expected in radiology. After a long period in which educational responsibilities have not been met, institutional resources in radiology are small and require substantial augmentation. However, as time passes, increasing amounts of training funds can be diverted to residency stipends, thereby making it possible to close the gap between the demand for radiological service and the availability of trained manpower.
It is difficult to determine precisely the magnitude of the program needed for the training of additional radiological practitioners. A balance must be made between the number of trainees required to substantially correct current manpower shortages within a reasonable period of time and the number of trainees who can actually be attracted to clinical radiology. Every effort should be made to increase the annual number of physicians entering the radiological sciences from the current level of 500 to a level of 800 or more; that is, to attract 300 additional trainees into the field each year. Even though this goal is high, the demand for additional clinical radiologists is great and hence serious attempts should be made to reach it.
At present, the accreditation of a radiologist by the American Board of Radiology requires that he complete three years of approved training in the clinical disciplines of the radiological sciences plus an additional year of training or a year. of radiological practice. Therefore, the enrollment of 300 additional trainees each year will require the availability of 900 to 1,200 extra training positions. If quality training is to be furnished, these positions should be largely provided by an expansion of existing training facilities in the nation's large general and university hospitals. Such expansion shox be easily possible in most of the institutions without important dilution of the clinical material required for training purposes.
Academic Radiologists: If programs to provide adequate instruction in radiology to all physicians and to train increasing numbers of practicing radiologists are to be successful, it is essential that a sufficient number of teachers be made available in the clinical disciplines of the radiological sciences. However, as pointed out heretofore, serious shortages in academic manpower currently prevail in radiology. It therefore is clear that the development of training programs for radiological teachers must be given the highest possible priority in health planning for the nation.
Currently, there are approximately 800 fulltime academic radiologists in the United States.@) To increase this number substantially over the next decade, it is estimated that 100 additional physicians must enter training in academic radiology each year. Moreover, 400 extra training positions must.be established in this nation's university hospitals if these men are to be given four years of training.
The training to be furnished should include broad experience in the fundamentals of radiology. Opportunities should be provided for study in the related basic sciences as well as in the clinical disciplines of the radiological sciences. Also, the trainee early in his career should be given the freedom to pursue his studies without commitment to a particular field of radiological specialization and yet, later on, to have the opportunity to direct his attention to any one of a broad range of special interests. By the development of a comprehensive, wellbalanced series of training programs in academic radiology, manpower deficiencies are likely to be corrected in the shortest possible time.
In recent years, modest sums for radiological research training have been made available in a number of special fields by several of the institutes of the Public Health Service. Among these are the National Cancer Institute for training in radiation therapy; the National Heart Institute for training in cardiovascular radiology; and the National Institute of Neurological Diseases and Blindness for training in neuroradiology. These disease-related training programs, although limited in scope, have been quite worthwhile. They should be continued, unchanged in administration, as important adjuncts to the comprehensive training programs proposed in this report.
In addition to the training programs just cited, the National Institute of General Medical Sciences, with guidance from several advisory groups including this Committee, has recently established a series of programs to provide support for research training in diagnostic roentgenology and nuclear medicine. Although limited in funds, these programs are a partial step in meeting the demand for increased numbers of academic radiologists.
Non-Physician, Professional Training :
One of the most important needs prevailing in the radiological sciences is training support for the development of such non-physician professional personnel as radiological engineers, radiological physicists, radiobiologists, radiochemists and radiological health specialists. Some years ago, the Public Health Service, as a part of its training programs in radiation therapy and cancer control, established support for radiobiologist training. Also, an excellent training program for radiological health specialists has been operated for several years by the Service's Division of Radiological Health. However, specific support for the other types of nonphysician specialist training has been either inadequate or lacking. Certainly, the importance of these personnel is sufficiently great that such deficiencies must be corrected. Unless they are, medical progress in the radiological sciences, including efforts to improve equipment and practices from the point of view of radiation protection, will be markedly hampered and American radiologists will become increasingly dependent on the scientists of other countries for the technological advances needed for the development of their profession.
As in training programs for radiologists, the size of the effort to train professional personnel in the supporting disciplines of the radiological sciences may be dictated more by the availability of trainees than by the need for such personnel. It is noteworthy, however, that in spite of the recruitment problems which have occurred in many of the science-related graduate training programs supported by U.S. Government, the universities and colleges associated with the Division of Radiological Health in its training program for radiological health specialists have had, in the main, excellent success in filling student quotas. In view of this, every effort should be made to initiate training programs which will provide as early as possible increasing numbers of such nonphysician professional personnel as radiochemi&s, radiobiologists, radiological physicists as well as radiological engineers. These programs must of course provide the trainee with support sufficient to carry him through three or four years of training to a master's or doctoral degree. From the experience of the Division of Radiological Health, it appears that 100 or more trainees in these disciplines may be recruited each year without difficulty.
Technologist Training:
The need for training of technological personnel has been noted heretofore (see table IV). However, the Committee wishes to make no recommendations concerning the character and scope of this training pending the completion of the studies on technological manpower now being undertaken by the Division of Radiological Health.
Research Grants :
The need for research funds in the radiological sciences perhaps requires little discussion. Over the past two decades, such grants have become such an integral part of the American academic scene that their importance is well recognized. However, the Committee wishes to call attention to the need for applied research and development projects to increase the effectiveness and safety of radiological procedures in the health professions. The paucity of support for radiological training, research and development to which reference has been repeatedly made in this report has caused a marked deficit in research and training facilities both at the clinical and laboratory levels in most academic departments of radiology. For this reason, a program of con-struction grants specifically for radiological research and training must be established to correct this deficiency. Indeed, the effectiveness of the training and research grant programs outlined in preceding paragraphs will be limited unless this program is undertaken.
It is difficult to overemphasize the facilities deficit which has been allowed to develop in academic departments of radiology. Without question, it is substantially greater than that experienced by any other major discipline. Unfortunately, its correction will be costly. The characteristics of the radiological sciences are such that their requirements in both space and equipment are unusually expensive. It is perhaps for this reason that corrective measures heretofore have been so inadequate. However, a deficit of this magnitude cannot be allowed to continue in a discipline which, each day, through its dominant role in the provision of quality health care to the public, affects as many people as the radiological sciences do.
The estimated cost of the new training and research programs outlined in preceding paragraphs is shown in table V. In the case of the training programs, the data were derived from the number of individuals to be trained each year of the several programs and from information on stipends and related institutional requirements derived from the experience of the Public Health Service. Recommendations for added funds for research are perhaps modest. However, the proposed amount of $lO,-000,000 per year is intended principally to provide research support leading to improvements in the effectiveness and safety of radiological procedures. As for other research support, the Committee hopes that, as academic radiology is strengthened, it may be able to attract an increasing share of grant support from existing sources. The amounts of money recommended for training and research facilities in the radiological sciences are based on the expectation that, over the next ten years, most and perhaps all of the 100 medical schools which are expected to be in operation by 1975 will require on the average upward of $l,OOO,-000 each. These requirements are high. However, as previously pointed out, the needs are unusually great. .
V. PHS Program Development in the Radiological Sciences (a) The need for a un@ed administratim Preceding sections of this report have discussed the developing role of the Public Health Service in the radiological sciences. A number of its current activities have been outlined and some of the important unmet needs have been pointed out. Discussions have also centered on some of the programs which the Public Health Service should undertake to resolve the radiological problems now confronting the nation.
In the development of these programs, it is necessary to understand that the radiologicalsciences comprise a complex series of interdependent disciplines, no one of which stands apart; the problems which affect one have a strong influence on the others. Hence, these problems are not suitable for solution by a series of uncoordinated efforts. It is not enough to alleviate the problems of diagnostic roentgenology or nuclear medicine without attacking the difficulties prevailing in radiological health, radio-chemistry or radiological engineering ; and it is not enough to support radiological health or radiation therapy without giving support to radiobiology or radiological physics. In brief, program development in the radiological sciences requires a unified effort.
The uses and control of ionizing radiation in the health professions perhaps constitute the most striking example of the interdependence of the several disciplines comprising the radiological sciences. Advances in diagnostic roentgenology, radiation therapy and nuclear medicine are providing an ever-expanding series of benefits to mankind in the diagnosis and treatment of disease. Yet as valuable as these benefits may be, they are accompanied by increasing risks as exposures to ionizing radiation become greater. Hence, continuous attention must be given to the balance of benefit and risk whenever public health activities relating to the medical applications of ionizing radiation are undertaken. This demands the closest possible relationship between those concerned with developments in clinical radiology and those working in radiological health.
Because of these considerations, the Service should avoid fragmentation of its radiological activities. Programs supporting academic radiology should not be isolated from those pertaining to the control of ionizing radiation ; and activities related to the training of professional personnel should not be disassociated from those concerned with the training of technologists. Although sometimes administratively desirable, such fragmentation inevitably leads to serious inconsistencies in program development.
In urging a unified effort in the radiological sciences, the Committee does not wish to imply that there should be no activities relating to these sciences in other divisions and institutes of the Public Health Service. On the contrary, the manner in which the radiological sciences are often involved with other scientific disciplines in the study of biomedical problems requires the development of a number of radiological activities in other agencies. Examples of such activities include the training program in neuroradiology supported by the National Institute of Neurological Diseases and Blindness and the training program in cardiovascular radiology supported by the National Heart Institute. As part of its comprehensive effort in the radiological sciences, the Service should develop two important resources: (1) a wellequipped and superbly staffed radiological laboratory to provide expert technical assistance to the health professions and to federal, state and local agencies concerned with the applications and control of ionizing radiation and (2) a well-supported statistical service to collect and analyze a broad range of data useful in the identification and evaluation of radiological problems.
Excellent laboratory resources are a necessary component of the Service's effort to improve the effectiveness with which radiological methods are applied in the health professions, to reduce occupational and environmental exposure from ionizing radiation and to accelerate the rate at which the benefits of the ra.-diological sciences are made available to the public. In the development of these resources, the Service should follow the pattern of its Communicable Disease Center where, in the field of microbiology, laboratory services have been effectively integrated and developed to a high level of excellence. If similar laboratory resources are established for the radiological sciences, the nation will be much closer to a solution to many of its problems arising from the applications and control of ionizing radiation.
The development of substantial statistical resources in the radiological sciences will IX1 a longstanding need. Many of the radiological problems confronting the nation today may be ascribed to the absence of such resources in the past. For example, current manpower shortages would almost certainly have been detected at a much earlier time if data call-
